Abstract. The present study aimed to identify the probable anti-Condyloma acuminata (CA) mechanism of microRNA-375 (miRNA-375) in human papillomavirus (HPV). Firstly, the overexpression of miRNA-375 significantly suppressed cell proliferation, increased lactate dehydrogenase activity and induced apoptosis in HPV-18(+) cervical cancer cells. The overexpression of miRNA-375 significantly increased caspase-3 and caspase-9 activities, induced B-cell lymphoma 2 (Bcl-2)/Bcl-2-associated X protein, tumor protein 53 and cyclin-dependent kinase inhibitor 1 protein expression and suppressed cyclin D1 and survivin protein expression in HPV-18(+) cervical cancer cells. The overexpression of miRNA-375 significantly suppressed the levels of protein expression of ubiquitin-protein ligase E3A (UBE3A) and Insulin-like growth factor-1 receptor (IGF-1R) in HPV-18(+) cervical cancer cells. To conclude, it was identified that the probable anti-CA mechanism of miRNA-375 modulates HPV through the UBE3A and IGF-1R pathway in cervical cancer cells.
Introduction
Condyloma acuminata (CA), a common sexually transmitted disease, is caused by human papillomavirus (HPV) (1) . CA grows rapidly and recurs easily and it causes physical pain and psychological issues in patients. HPV is a type of epithelial DNA virus, which has many subtypes, among which HPV6 and HPV11 cause CA (2, 3) . CA is caused by the epithelial-associated proteins found in the genomes of each subtype (2, 3) .
HPV promotes latency and consequently does not cause a disease phenotype following initial infection by an immune evasion response reaction, featuring binding to epithelial cells and integrating into the host genome, resulting in the proliferation of epidermal cells containing the viral genome and neovascularization (3) . However, the regulatory mechanisms of HPV infection and consequent immune escape reaction, persistent infection and cell proliferation and the regulatory mechanisms of vascular proliferation are poorly understood and require additional investigation (4) .
MicroRNA (miRNA) molecules, a series of single-stranded non-coding RNA chains measuring 20-25 nucleotides in length, regulate gene expression at the transcriptional level by complementary pairing with target gene mRNA (5) . The expression of genes through miRNA is regulated by endogenous regulatory pathways, resulting in high stability and biocompatibility (5) . miRNA provides a unique source of gene therapy as a broad-spectrum molecule against viruses (5) .
Ubiquitin-protein ligase E3A (UBE3A; E6-AP) is an important member of the ubiquitin proteasome system and a type of ubiquitin protein ligase (E3 enzyme) (6) . UBE3A is associated with cervical cancer and may combine with the E6 proto-oncogene encoded by HPV16 within cervical cancer cells to form the E6/E6-AP protein complex through the ubiquitin proteasome pathway (4) . Previous studies have identified that UBE3A exhibits abnormal expression in numerous tumor cells, including prostate, cervical and breast cancer (6, 7) . In addition, numerous important cellular proteins, such as B-cell lymphoma-2 homologous antagonist/killer, Myc proto-oncogene protein, cyclin-dependent kinase inhibitor 1B, DNA replication licensing factor MCM-7, retinoblastoma 1 and Annexin A1, are degenerated through the UBE3A-mediated ubiquitin proteasome pathway (7).
Insulin-like growth factor-1 (IGF-1), synthesized and secreted by human hepatocytes, is the primary regulator of insulin and serves an important function in regulating the growth and development of the body (8) . It affects cell proliferation, differentiation and inhibits apoptosis, and its role in tumor development has received attention (9) . Overexpression of IGF-1 in serum and tissue alters the growth of normal cells and causes uncontrolled proliferation, inhibits differentiation and reduces apoptosis, resulting in the incidence and development of malignant tumors (10) . Therefore, detecting the expression of IGF-1 assists in determining the biological behavior of tumors (10) . The present study attempted to identify and characterize the probable anti-CA mechanism of miRNA-375 on HPV.
Materials and methods
Cell culture. HPV-18-positive (+) HeLa cervical cancer cell were obtained from the Cell Bank of Type Culture Collection of Chinese Academy of Sciences (Shanghai, China) and cultured with Dulbecco's modified Eagle's medium (DMEM; Hyclone; GE Healthcare Life Sciences, Logan, UT, USA) supplemented with 10% fetal bovine serum (FBS; Hyclone; GE Healthcare Life Sciences), 100 U/ml penicillin and 100 mg/ml streptomycin at 37˚C with 5% CO 2 .
miRNA and transfections. miRNA-375 mimics and the negative control were obtained from the Union Medical University Center for Basic Medical Cells (Beijing, China). HeLa cells were transfected with 50-200 ng miRNA-375 mimics (sense, 5'-UUU GUU CGU UCG GCU CGC GUG-3' and antisense, 5'-ACG CGA GCC GAA CGA ACAA-3') and the negative control (sense, 5'-UUC UCC GAA CGU GUC ACG UTT-3' and antisense, 5'-ACG CGA GCC GAA CGA ACAA-3') using Lipofectamine ® 2000 (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) at 37˚C. After transfection for 4 h, the old medium was removed, replaced with DMEM and cultivated at 24, 48 and 72 h for MTT assay, cultivated at 48 h for lactate dehydrogenase (LDH) release activity, apoptosis analysis, caspase activity and western blot analysis.
MTT assay and LDH release activity. Following transfection at 4 h, HeLa cells (1x10 3 cells/well) were plated with DMEM supplemented with 10% FBS in 96-well plates for 24, 48 and 72 h at 37˚C. MTT (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany; 5 mg/ml) was added to cells for 4 h at 37˚C. Subsequently, 150 µl dimethyl sulfoxide (99.99%) was added to the cells for dissolution at 37˚C for 20 min. The optical density values were measured using a microplate reader (model no. 680; Bio-Rad Laboratories, Inc., Hercules, CA, USA) at 492 nm. LDH release was measured using an LDH Cytotoxicity Assay kit (C0016; Beyotime Institute of Biotechnology, Haimen, China) at 600 nm.
Apoptosis analysis and caspase activity. Following transfection, HeLa cells (1x10
5 cells/well) were plated at in 6-well plates for 48 h. Cells were stained with 10 µl Annexin V-fluorescein isothiocyanate Apoptosis Detection kit and 5 µl propidium iodide (both BD Biosciences; Franklin Lakes, NJ, USA) in darkness for 15 min at room temperature. Cell apoptosis was measured by using a flow cytometer (FACSCalibur; BD Biosciences) and analyzed using FlowJo software (version 7.6.1; FlowJo LLC, Ashland, OR, USA).
Following transfection, HeLa cells (1x10 5 cells/well) were plated in 6-well plates for 48 h. Total protein from cells was extracted using radioimmunoprecipitation (RIPA) buffer and total protein concentration was measured using a BCA protein assay (both Beyotime Institute of Biotechnology). A total of 5 µg total protein from each sample was used to analyze caspase-3/9 activity using Caspase 3 Activity Assay kit (cat. no. C1116) and Caspase 9 Activity Assay kit (cat. no. C1158; both Beyotime Institute of Biotechnology) according to the protocol of the manufacturer. The optical density values were measured using a microplate reader (model no. 680; Bio-Rad Laboratories, Inc.) at 405 nm.
Western blot analysis. Following transfection, HeLa cells (1x10
5 cells/well) were plated in 6-well plates for 48 h. Total protein from cells was extracted using RIPA buffer at 4˚C for 15 min, and total protein concentration was measured using a BCA protein assay (both Beyotime Institute of Biotechnology, Haimen, China). A total of 50-60 µg total protein from each sample was separated on an 8-12% gel using SDS-PAGE and transferred to polyvinylidene difluoride membranes (EMD Millipore, Billerica, MA, USA). B-cell lymphoma 2 (Bcl-2; sc-783; 1:1,000), Bcl-2-associated X protein (Bax; sc-6236; 1:1,000), tumor protein (p)53 (sc-6243; 1:1,000), cyclin-dependent kinase inhibitor 1 (p21; sc-397; 1:1,000; all Santa Cruz Biotechnology, Inc., Dallas, TX, USA), UBE3A (ab126765; 1:1,000; Abcam, Cambridge, USA) and Insulin-like growth factor-1 receptor (IGF-1R; sc-7952; 1:1,000) and GAPDH (cat no. sc-25778; 1:5,000; both Santa Cruz Biotechnology) antibodies were incubated with the membrane overnight at 4˚C subsequent to blocking with 5%-skim milk powder TBST for 1 h at 37˚C. Horseradish peroxidase-conjugated anti-rabbit immunoglobulin G was used as a secondary antibody (cat no. sc-2004; 1:5,000; Santa Cruz Biotechnology) and incubated for 1 h at 37˚C. Protein bands were visualized using enhanced chemiluminescent Blotting Detection Reagents (cat no. NCI4106; Pierce; Thermo Fisher Scientific, Inc.), the ImageQuant™ LAS 4000 mini system (GE Healthcare Life Sciences, Chalfont, UK) and analyzed using Image Lab 3.0 (Bio-Rad Laboratories, Inc.).
Statistical analysis. Data are presented as mean ± standard deviation. All data were analyzed with GraphPad Prism 5 software (Graph Pad, Inc., La Jolla, CA, USA) using one-way analysis of variance and a Tukey's post-hoc test. P<0.05 was considered to indicate a statistically significant difference. (Fig. 1B) .
Results

Overexpression
Overexpression of miRNA-375 increases rates of apoptosis, caspase-3 and caspase-9 activities of HPV-18(+) cervical cancer cells.
To identify the effects of miRNA-375 on cell apoptosis of HPV-18(+) cervical cancer cells, the rates of apoptosis, caspase-3 and caspase-9 activities were analyzed.
A total of 100 ng miRNA-375 mimics increased the rate of apoptosis (P=0.0078) and promoted caspase-3 (P=0.0082) and caspase-9 activities (P=0.0094) of HPV-18(+) cervical cancer cells for 48 h, compared with the negative group (Fig. 2) .
Overexpression of miRNA-375-induced Bax/Bcl-2 of HPV-18(+) cervical cancer cells.
To study the molecular mechanisms associating miRNA-375 expression with apoptosis in HPV-18(+) cervical cancer cells, Bax/Bcl-2 protein expression was assessed. Fig. 3 demonstrates that treatment with 100 ng miRNA-375 mimics for 48 h increased Bax/Bcl-2 ratio (P=0.0038), compared with the negative group.
Overexpression of miRNA-375 suppressed cyclin D1 and survivin protein expression in HPV-18(+) cervical cancer cells.
To assess the effects of miRNA-375 on apoptosis in HPV-18(+) cervical cancer cells, levels of cyclin D1 and survivin protein expression in HPV-18(+) cervical cancer cells were measured using western blot analysis. The overexpression of miRNA-375 suppressed cyclin D1 (P=0.0089) and survivin (P=0.0008) protein expression in the HPV-18(+) cervical cancer cells for 48 h, compared with the negative group (Fig. 4) .
Overexpression of miRNA-375 induced p53 and p21 protein expression in HPV-18(+) cervical cancer cells.
To evaluate the molecular mechanisms associating miRNA-375 expression with apoptosis in HPV-18(+) cervical cancer cells, p53 and p21 protein expression of HPV-18(+) cervical cancer cells was analyzed using western blot analysis. The results indicated that the overexpression of miRNA-375 induced p53 (P=0.0069) and p21 (P=0.0016) protein expression of HPV-18(+) cervical cancer cells (Fig. 5) .
Overexpression of miRNA-375 suppressed UBE3A and IGF-1R protein expression of HPV-18(+) cervical cancer cells.
To evaluate the effects of miRNA-375 on apoptosis in HPV-18(+) cervical cancer cells, the levels of UBE3A and IGF-1R protein expression in HPV-18(+) cervical cancer cells were measured using western blot analysis. A total of 100 ng miRNA-375 mimics suppressed UBE3A (P=0.0000) and IGF-1R (P=0.0011) protein expression in HPV-18(+) cervical cancer cells for 48 h, compared with the negative group (Fig. 6 ).
Discussion
CA, also known as Condyloma acuminata and Condyloma accuminatum, is a proliferative lesion in the skin mucosa of genital and perianal areas caused by HPV infection (5). HPV is a type of common epithelial DNA virus 50-55 nm in diameter (11) . Modern molecular biology technology has identified >100 HPV subtypes, 34 of which are associated with CA; the most common subtypes include HPV6, HPV11, HPV16 and HPV18 (12) . Based on differences in pathogenicity, HPV subtypes are divided into low-risk and high-risk genotype groups, with low-risk genotypes (HPV6 and 11) primarily causing genital warts, including Condyloma, and high-risk genotypes (HPV16 and 18) being associated with genital neoplasms (2) . In the present study, miRNA-375 overexpression suppressed cell proliferation and increased LDH activity in HPV-18(+) cervical cancer cells, compared with the negative group. miRNA molecules regulate gene expression at the transcriptional level through complementary pairing with target miRNA, consequently resulting in the degradation or inhibition of the translation of mRNA (5) . A previous study demonstrated that miRNAs serve important functions in gene regulatory networks, being associated with cell proliferation and apoptosis, differentiation, development and the stress response, virus pathogenicity and the incidence of tumors (13) . Therefore, identifying these miRNA molecules and their target genes is becoming an important avenue of research and an important topic in the field of gene regulation (13) . In the present study, it was observed that miRNA-375 overexpression significantly increased the apoptosis rate and promoted caspase-3 and caspase-9 activities in HPV-18(+) cervical cancer cells.
The UBE3A gene, also known as human papillomavirus E6-associated protein (E6-AP) gene, is an important component of the ubiquitin proteasome system (6). The human UBE3A gene is located on chromosome 15 with a protein molecular weight of ~100 kDa. Its gene products primarily exist in the nucleus and cytoplasm, and is expressed in normal tissues of the prostate, testis, ovary, uterus, breast and brain (14) . The UBE3A gene serves an important function in the incidence and development of multiple diseases; its abnormal change may result in the incidence and development of tumors (6) . The present study identified that miRNA-375 significantly suppressed levels of survivin and UBE3A protein expression in HPV-18(+) cervical cancer cells. Jung et al (15) verified that miRNA-375 is a key tumor suppressor of HPV-associated carcinogenesis, through the suppression of p53, p21 and UBE3A protein expression.
The ubiquitin proteasome system is associated with multiple metabolic processes in eukaryotic cells, including carcinomatous changes, tumor progression, immunological surveillance escape and tumor drug resistance (16) . E3 is an enzyme that specifically regulates the degradation of its target proteins by recognizing and binding to specific target protein sequences in the ubiquitin proteasome system; the E3 enzyme is associated with the selection and specificity of target proteins (17, 18) . E6 protein binds to intracellular UBE3A to form complexes that exhibit ubiquitin protein ligase activity and specifically binds with wild type p53 and then is degenerated by the ubiquitin-mediated pathway, consequently blocking p53 to inhibit apoptosis and induce cell proliferation (16) . The present study also demonstrated that the overexpression of miRNA-375 significantly induced Bax, p53 and p21 protein expression, compared with the negative group. Liu et al (4) demonstrated that miRNA-375 targeted p53 to regulate the response to ionizing radiation and etoposide treatment.
As for the mechanism of IGF-1 promoting tumor invasion and metastasis, there are 3 major hypotheses: i) IGF-1 significantly increases the concentration of vascular endothelial growth factor in tumor cells and promotes tumor angiogenesis, therefore facilitating tumor invasion and metastasis; ii) IGF-1 directly activates urokinase plasminogen activator-1 (UPA) and upregulates its expression, thereby improving the invasiveness of malignant tumors; iii) IGF-1 promotes the synthesis of cadherin, laminin and other adhesion molecules in tumor cells to increase the adhesion of tumor cells to endothelial cells and bone marrow, so as to promote the metastasis of tumor cells (19, 20) . In the present study, it was identified that miRNA-375 overexpression significantly suppressed IGF-1R protein expression in HPV-18(+) cervical cancer cells, compared with the negative group. Meng et al (21) indicated that miRNA-30a-5p overexpression decreased non-small cell lung cancer cell growth regulation through the IGF-1R and phosphoinositide 3-kinase/protein kinase B signaling pathway.
To conclude, the present study demonstrated that the anti-CA mechanism of miRNA-375 may result in the suppression of cell proliferation and induction of apoptosis, an increase in caspase-3 and caspase-9 activities, an induction of Bax, p53 and p21 protein expression and a suppression of survivin protein expression in HPV-18(+) cervical cancer cells. The present in vitro study described a suitable model for anti-CA study in HPV-18(+).
